Introduction. Two-dimensional (2D) crystals, or layered crystals composed of one or several atomic layers, such as graphene have recently attracted much attention because of its unique mechanical properties. The mechanical properties of single-layer and a few layered 2D materials have been studied both experimentally (1) and analytically (2) . 2D crystals have high rigidity in the in-plane direction, but the bending rigidity in the out-of-plane direction is extremely small (1) . Multi-layerd 2D materials are the threedimensional materials constructed by stacking many 2D crystals through weak interactions such as van der Waals force. The mechanical properties of multi-layered 2D materials are dominated by thoes of each 2D crystal and the interaction between the layers. The loose bonding between the layers allows easy shear deformation between the layers, which may lead to an interesting mechanical property where the multi-layered 2D crystals have both high strength and flexibility. In this study, we focus the bending characteristics of multilayered 2D materials. We developed an experimental method utilizing a cantilever bend specimen for evaluating the bending characteristics of multi-layered 2D materials and evaluated the bending properties of a micrometer-sized multi-layered graphene.
Materials and Method.
In order to obtain multilayered graphene with few defects and matching stacking direction, we made multi-layered graphene smples from a highly oriented pyrolytic graphite (Tips Nano, ZYA-DS grade). We developed a cantilever bending method shown in Fig.1 . The size of the specimen was ~10 μm in width, 20-30 μm in length, and several hundred nm to several μm in thickness. In order to avoid the damage of using focused ion beam etc. in specimen productions, we developed a mechanical cutting method for fabricating a rectanglar specimen by using a tip of tweezers or a diammond knife. We picked up and moved the specimen by a micro-manipulater with a needle. The multi-layered graphene specimen was fixed at one end on a SiO2/Si substrate with an adhesive cured by electron beam irradiation (Kleindiek nanotechnik, SEMGLU). Experiments were performed under in situ scanning electron microscope (SEM, JEOL Ltd., JSM-7001F) observation. The bending load was applied with a diamond spherical indenter having a radius of curvature ~1 μm under a closed-loop displacement control condition by a micromechanical testing device (Hysitron Ltd., Pico Indenter PI-85).
Results. Fig.2 shows the load F-displacement d relationship of a specimen of ~9.2 μm wide, ~27 μm long and ~300 nm thick. The loading point was 7 μm from the substrate edge, and the maximum displacement was set at 1100 nm. The specimen largely deformed and the loading curve exhibited nonlinearity particularly in the region after d = ~700 nm. Surprisingly, the deformation was almost completely restored to the original sate by unloading. In a cantilever beam bending configulation, although bending and shear stresses are applied, shear stress is usually negligible. In the case of multi-layered 2D materials, shear stress easily causes sliding deformation between the layers due to the weak interaction. The conventional beam theory estimated the maximum bending stress of the multi-layered graphene cantilever at roughly 300 MPa, which was about 83 times larger than the shear stress ~3.6 MPa. However, the theoretical value of shear stress at the onset of interlaminar slip in graphene was analyzed at about 1.27 MPa (3) . This suggests that the shear steress ~3.6 MPa is large enough to cause slip deformation. Therefore, the large reversible deformation observed in the multilayered graphene is considered to be due to the slippage between the graphene layers. 
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